The HadISST (Hadley Centre Sea Ice and Sea Surface Temperature) dataset is used to define the years of El Niño, El Niño Modoki, and La Niña events and to find out the impacts of these events on typhoon activity. The results show that the formation positions of typhoon are farther eastward moving in El Niño years than in La Niña years and much further eastward in El Niño Modoki years. The lifetime and the distance of movement are longer, and the intensity of typhoons is stronger in El Niño and in El Niño Modoki years than in La Niña years. The Accumulated Cyclone Energy of typhoon is highly correlated with the Oceanic Niño Index with a correlation coefficient of 0.79. We also find that the typhoons anomalously decrease during El Niño years but increase during El Niño Modoki years. Besides, there are two types of El Niño Modoki, I and II. The intensity of typhoon in El Niño Modoki I years is stronger than in El Niño Modoki II years. Furthermore, the centroid position of the Western Pacific Warm Pool is strongly related to the area of typhoon formation with a correlation coefficient of 0.95.
Introduction
Recent studies have found that there are two types of El Niño in the tropical Pacific, namely: Eastern-Pacific El Niño (EPEl Niño) and Central-Pacific El Niño (CP-El Niño) [1, 2] . The EP-El Niño is the canonical El Niño; a band of anomalous warm ocean water occurs in the eastern tropical Pacific. The CP-El Niño is also called El Niño Modoki, which is the band of anomalous warm ocean water occurring in the central equatorial Pacific. In this study, to avoid the confusion of the nomenclature used, hareafter the Eastern-Pacific El Niño is named as El Niño and the Central-Pacific El Niño is named as El Niño Modoki. The occurrences of anomalous warm water at different regions may cause different changes in air pressure, sea surface height, precipitation, and wind field [3] [4] [5] [6] [7] . Yu and Kao [8] and Kao and Yu [9] pointed out that the generation mechanism of the El Niño tied to thermocline variations but the El Niño Modoki may be affected significantly by atmospheric forcing than by basin-wide thermocline variations. Changes of oceanic environment in El Niño and La Niña events may alter the formation and intensity of a typhoon because warmer oceanic environment is more suitable for its formation and intensity increase [10] [11] [12] [13] [14] [15] [16] . Besides the influence of El Niño and La Niña events, Wang et al. [17] showed that different impacts of El Niño and El Niño Modoki events may also change the formation locations, durations, and intensities of tropical cyclones. They indicated that tropical cyclone tends to be more intense in El Niño years than in El Niño Modoki years. Furthermore, according to the rainfall anomaly patterns in southern China, C. Wang and X. Wang [18] indicated that there are two groups of El Niño Modoki, I and II. Different groups are associated with different atmospheric circulation patterns in the western North Pacific and therefore affect the typhoon tracks in the western North Pacific. However, the typhoon tracks, the effects of other characteristics of typhoons, such as the formation position, lifetime, and range of movement, and moving speed are still not clear. To statistically investigate the characteristics of typhoons in these abnormal events and their relationships with changes of the western Pacific warm pool (WPWP), we conduct this study using the Hadley Centre Sea Ice and Sea Surface Temperature (HadISST) dataset and the typhoon datasets from the Japan Meteorological Agency (JMA) and the Joint Typhoon Warning Center (JTWC).
Data and Methods
The Oceanic Niño Index (ONI) provided by the Climate Prediction Center in the National Oceanic and Atmospheric Administration (NOAA) is used to define El Niño and La Niña events. The anomalous ONI value of five consecutive months at or above +0.5 is defined as an El Niño event and at or below −0.5 is defined as a La Niña event. The El Niño Modoki Index (EMI) and the second mode of the empirical orthogonal functions (EOF) resulting from tropical Pacific sea surface temperature anomaly (SSTA) data are used to identify the El Niño Modoki pattern. The SSTA data is derived from HadISST, which is a monthly dataset with a spatial resolution of 1 ∘ ×1 ∘ . The El Niño Modoki Index (EMI) is defined as
where the brackets with a subscript represent the areaaveraged SSTA over the central Pacific region A (10 
where is the area of WPWP, is the latitude of the pixel within the WPWP, (111.319 km) 2 is the area of each 1 ∘ grid, and is the total number of pixels in the WPWP. The centroid of the WPWP is then defined as [20] 
where is the zonal position of a pixel and is the meridional position of a pixel within the WPWP.
Typhoon data is obtained from JMA and JTWC. The contents of both datasets include longitude, latitude, lifetime, minimum pressure and maximum wind, length of movement, average moving speed, and range of movement of a typhoon. Typhoon grading intensity standards with reference to the JMA are according to the definition of National Hurricane Center. The Accumulated Cyclone Energy (ACE) formula is used to identify the intensity of a typhoon and is defined as [21] :
where is the number of typhoon in a year of each event, is the total number of 6-hourly estimate in a typhoon, and is the 6-hourly maximum sustained wind speed in knot (kt). The ACE index is widely used by NOAA and recent studies [22] [23] [24] [25] [26] . It is a wind energy index, a combination of the number of typhoon, the existence time of a typhoon, and the intensing of a typhoon at each observing time. Previous study [18] shows that there are two groups of El Niño Modoki. Here we use the definitions of ONI and EMI and find the two types of El Niño Modoki, I and II. For El Niño Modoki I, it is the year of El Niño Modoki defined by EMI and is also the year of an El Niño year defined by ONI. For El Niño Modoki II, it is the year of El Niño Modoki defined by EMI but is a normal year defined by ONI. Using this definition, the years of El Niño, El Niño Modoki I, El Niño Modoki II, and La Niña events are listed in Table 1 . typhoon are summarized in works is slightly different, the results all indicate that the typhoons anomalously decrease during El Niño years but increase during El Niño Modoki years.
Results

El Niño, El Niño
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We use ACE to measure overall activity of typhoon during a year. The calculation of average ACE (Unit: 10 4 kt 2 ) shows 292.1 in El Niño years, 316.1 in El Niño Modoki I years, 306.6 in El Niño Modoki II years, 217.5 in normal years, and 160.9 in La Niña years. This result indicates that the longer distances of typhoon movement and the higher maximum wind speed of typhoon result in larger ACE value. This observation is consistent with the aforementioned statistical results. Figure 3 shows the mean ACE of a year in the five events. Figure 4 is a scatter plot of ACE and ONI with a coefficient of determination (
2 ) of 0.6. This clarifies that the formation position and the intensity of typhoon are obviously affected by El Niño, El Niño Modoki, and La Niña events.
The definition of maximum wind speed of typhoons provided by JMA (10 min mean) is different from that of JTWC (1 min mean). Therefore, the occurrence percentage of typhoon strength from both datasets may be different. A comparison of both datasets from 1977 to 2011 is shown in Table 3 . Categories 1 to 5 are classified by the Saffir-Simpson hurricane wind scale. The rating is based on a hurricane's sustained wind speed. that the most occurrence is in El Niño years and then followed by El Niño Modoki I years, El Niño Modoki II years, normal years, and La Niña years, respectively.
Area and Centroid of Western Pacific Warm
Pool. Figure 5 shows the distribution of average SST 
Conclusions
This is a preliminary study on the impacts of El Niño, El Niño Modoki, and La Niña events on the typhoon activity. We identify 19 
